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究 R235 钢筋在模拟混凝土孔隙液中的腐蚀行为，初步探明了介质 pH 值对 R235
钢筋腐蚀的影响机制。结果表明，钢筋在高碱性模拟液中表面保持钝化状态，随
着模拟液 pH 值的降低，钢筋的腐蚀速度升高，钝化膜稳定性下降，引起钢筋表
面去钝化发生局部腐蚀的临界 pH 值在 11.12～11.05 之间。 
(2) 初步探明了 304 不锈钢钢筋表面钝化膜在不同 pH 值和氯离子浓度的模
拟混凝土孔隙液中的半导体性质与其耐蚀性之间的关联。结果表明，钢筋表面钝
化膜呈现出 n 型半导体性质，随着模拟液 pH 值降低，浅层施主浓度增加，深层
施主浓度减小。在含氯离子溶液中浸泡 1 h 后（pH 12.50），钝化膜的 n 型半导
体结构没有发生变化，浅层施主浓度和深层施主浓度均随着氯离子浓度的增加而
增大，钝化膜稳定性下降，钢筋耐蚀性降低。 
(3) 利用碳酸盐高温热氧化法制备 W/WO3 pH 电极，结合 XRD﹑Raman﹑
SEM﹑EDS﹑XPS 等分析技术对 WO3 膜层进行表征，考察了膜层的组成与表面
形态及其对 pH 响应行为的影响。结果表明，研制的 W/WO3 电极具有良好的稳
定性﹑灵敏度以及测试准确度，在较宽的 pH（2～13）范围内线性响应好，适用




































The decline in the durability and the premature failure of reinforced concrete 
structures due to the reinforcing steel corrosion has become a widespread 
phenomenon and caused a huge loss in countries all over the world. Thus, further 
study of the corrosion mechanism of reinforcing steel is of great practical significance. 
Whether or not the reinforcing steel in concrete maintains its passivity depends on the 
conditions of steel/concrete interface. Generally speaking, the two main reasons 
which results in the depassivation of reinforcing steel in concrete are carbonation of 
concrete and penetration of chloride ions. In the present work, electrochemical 
measurements, combined with surface analysis techniques were used to study the 
corrosion behaviour of reinforcing steel (R235) in simulated concrete pore solutions 
(SPS) with different pH values, explore the correlation between semiconductor 
properties and corrosion resistance for the passive film of 304 stainless steel, and 
research the corrosion behaviour of reinforcing steel (R235) in carbonated concrete 
specimens. The main progress and results of this work are as follows: 
(1) Linear polarization, potentiodynamic anodic polarization, electrochemical 
impedance spectroscopy combined with scanning electron microscopy were used to 
study the mechanism of the steel (R235) corrosion induced by the decrease of pH 
value of SPS. The results indicated that the steel remained passive state in the highly 
alkaline SPS, with the decrease of the pH value, the steel corrosion rate increased, the 
passive film stability decreased, and the critical pH value for localized corrosion of 
reinforcing steel in SPS solutions was between 11.12 and 11.05. 
(2) Correlation of semiconductor properties and corrosion resistance for the 
passive film formed on 304 stainless steel with different pH values and chloride ion 
concentrations in SPS was observed. The results showed that the passive film on the 
stainless steel surface behaved as n-type semiconductor, the shallow donor 















value decreasing. Immersed in the SPS (pH 12.50) with Cl- for 1 h, the passive film 
still behaved as n-type semiconductor. With the increase of chloride ion concentration,  
both the shallow donor concentration and the deep donor concentration increased, the 
passive film stability decreased, which reduced the corrosion resistance of steel. 
(3) The W/WO3 pH electrode was prepared by thermal oxidation in carbonate. 
The response of the electrode to pH values depended on the composition and surface 
morphology of WO3 film which was analyzed by XRD, Raman, SEM, EDS and XPS. 
The results demonstrated that the prepared W/WO3 electrode had good stability, 
sensitivity, accuracy and potential response in a wide pH values (2～13) range. The 
electrode was useful for in situ and long term monitoring of the pH values in concrete. 
The electrochemical methods (half-cell potential measurement and the 
electrochemical impedance spectroscopy), were applied to study the corrosion 
behaviour of reinforcing steel (R235) in concrete. The prepared W/WO3 probes were 
embedded in concrete for in situ monitoring of the pH variation during concrete 
carbonation. The results revealed that, with the carbonation time increasing, both the 
charge transfer resistance Rct and the passive film stability decreased, the corrosion 
resistance of steel reduced, and the steel was prone to corrosion.  
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